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Introduction:
The purpose of my thesis research is to examine blue green algae and land
use trends across Nebraska using GIS technology in order to create a map that
demonstrates any correlation between the data. Much research has already been
conducted linking agricultural practices to eutrophication and I believe that upon
examination of the data, that most of the water bodies containing high levels of blue
green algae will be closely related to areas in high agricultural production.
Specifically, I hypothesize that areas with a lot of corn production will see the most
blue green algae blooms. I will use the Nebraska Department of Environmental
Quality blue green algae data from 2008-2015 in combination with the GIS
technologies to create a map. This map will demonstrate my results that either
support or disprove my hypothesis. This map will also serve to identify other land
use trends that may influence eutrophication on many Nebraska lakes, rivers, and
streams. I will then attempt to identify ways can we mitigate to keep Nebraska
lakes from being affected by algal blooms while still conducting the present land use
trend? I will attempt to address how farming attitudes, methods, and education
contribute to the eutrophication of lakes and streams and how these aspects may
directly effect water quality.
Eutrophication of Nebraska water bodies can have harmful and adverse
effects on the environment as well as humans. Algal blooms are a major cause for
summer fish kills. Excess nutrients make their way into a water body and cause a
drastic increase in organic matter in the water. When the algae decompose, it can
cause a decrease in oxygen levels and organisms such as fish can die. This has been

an apparent concern with the eutrophication of coastal waters around the
confluence of the Mississippi river and Gulf of Mexico. (EPA) When blue green algae
gets above 20 ppb (NDEQ), it can become dangerous for humans and animals to
come into close contact with the water. (Nebraska Department of Environmental
Quality) Hopefully my research can help provide a visual diagram to recreationalists
and enthusiasts alike who are interested in knowing which water bodies across
Nebraska are commonly affected by algal blooms.

Literature Review
There is a wide variety of information available and much research has been
conducted on blue green algae and its effects. We know, and can prove through
scientific evidence that blue green algae is harmful humans and other organisms.
The state of Nebraska issues alerts for water bodies that exceed a level for blue
green algae that is deemed hazardous to humans. (Nebraska Department of
Environmental Quality). This is an important factor because I will use these alerts
to identify water bodies that have been major sources of blue green algae blooms. I
can then attempt to answer the question of “why” by examining land use trends that
are closely associated with that area. Potential management plans can be suggested,
or revisions to existing management plans can be made.
There has been some interesting studies conducted in areas other than
Nebraska that suggest that lack of information, old habits passed on through family
generations, and improper methods contribute to the over use of nitrates and
phosphates in agricultural settings. The idea that “more is better” is not always the

case, especially with nitrate and phosphate application. These studies may become
a key element to refer to when attempting to create a mitigation strategy to lower
nitrate and phosphate levels in Nebraska rivers, lakes and streams. (Stuart, D.,
Schewe, R. L., & McDermott, M).
We know that changes in land use trends can greatly impact certain water
bodies and their associated watersheds. Lakes and rivers associated with land put
into agricultural production tend to experience higher levels of nutrient inputs. This
can directly cause an algal bloom. There is also research that suggests areas which
were originally undisturbed and then developed into an urban setting will
experience higher levels of nitrate and phosphorous loading. This could potentially
have effects on the water sources nearby. This research will be important in
supporting any evidence I may find that correlates high algal levels to newly
developed urban areas. (P. A. Soranno, S. L. Hubler, S. R. Carpenter, and R. C.
Lathrop).
There is reliable evidence that shows Nebraska is deficient in setting
standards and limits for total nitrogen and phosphorous levels. This information
can be obtained on the Environmental protection agency website. (EPA.org, Action
towards Limiting Total Nitrogen, Total Phosphorus, and Total Inorganic Nitrogen
Loads from NPDES-Permitted Facilities). This information will be critical for
providing evidence that stricter regulation and mitigation strategies may be needed
to improve water quality.
The University of Nebraska also provides a resource that discusses the use of
biosolids compared to regular chemical fertilizers and the effects of both methods

on the environment. Importantly, this source provides reliable information that
describes the process by which nitrates and phosphates go through to get from
agricultural fertilizers to water contaminants. It provides information on how
nitrates and phosphates can be harmful to humans if they accumulate in drinking
water and water bodies such as lakes and streams.
Nebraska does not have any official restrictions or limitations for agricultural
nitrate and phosphorous applications that are statewide. In areas of particularly
heavy concern, there may be specific regulations imposed to protect that one area,
but these regulations are not universal throughout the state. Nebraska does have
what are called “suggested application rates” but these suggestions do not force
farmers to abide by the information provided. These suggested rates are merely a
suggestion. (Barb Ogg, PhD, UNL Extension Educator)
We know Eutrophication can have adverse impacts on not just humans, but
the ecological integrity of the water body that it blooms in. The nutrients that cause
algal blooms might not just come from the local surroundings. These nutrients have
the ability to be carried for miles from the source that they originated from. They
can cross state lines and have economic impacts on other states. Eutrophication
can cause excess plant growth in areas where there should not be, as well as the
obvious algal bloom. When this matter decays, it can cause oxygen levels to deplete
which in turn can cause the death of organisms such as fish.

Methods and Materials
Data for blue green algae advisories had been obtained from the EPA storet

system. The storet system is a public database with records and data for all sorts of
environmental areas. Once I obtained the data with geographic coordinates of
sampling locations, I entered these into a GIS program and created a map showing
the locations of each sampling spot. I assigned a specific color for current, past, and
advisory free lakes. Next, I obtained a land use map showing agricultural
production across Nebraska from the Nebraska School of Natural Resources/Calmit
mapping website. This layer was free of charge, and was used to overlay the
sampling coordinates for the algae data. Next, I used the United States Geological
Survey website to obtain the HUC phosphorous and nitrogen data for Nebraska.
This data for Nebraska was extracted from the EPA region 7 map to display only the
data for Nebraska. The percent of each cropland area from the Calmit base layer
was compared to nitrate and phosphate levels using a simple correlation tool in the
ArcGIS program called ArcMap. The results of this statistical analysis were displayed
in a table. The correlation values for each crop could then be compared to the
sampling areas showing blue green algae blooms.
Once I identified the main land use trends that appear to correlate with the
algal data, I can begin to try and answer the question of how to mitigate, and why
these nutrients are getting into a water source. With the data I obtain from the
University of Nebraska farm surveys, I can see if lack of application method
education, wasteful yearly farming habits/routines, and attitudes towards the
environment have an effect on over-application and other wasteful applications of
phosphorous and nitrogen which ultimately can wind up in our rivers, lakes and
streams. Ultimately, the end goal will be to provide a reference for individuals

interested in this topic to visually see areas that repeatedly have algal bloom
problems, and the land use trends that may be the contributing factor. This way
people know which areas to avoid during times of the year when algal blooms may
be prevalent. I also hope that my map will serve as an educational tool for people
understand the effects of land use and its changes on the environment. Below are
the nitrogen, phosphorous, and land use layers that were used to create the map in
ArcGIS

Figure 1

Figure 2

Figure 3

Discussion and Results
Map created in ArcGIS showing land use and blue green algal data across Nebraska.
Figure 4

Table displaying the results from the simple correlation using a statistical analysis
tool in ArcGIS

•

After running a statistical analysis in ArcGIS using a simple correlation tool,
results were displayed in the table above. These results indicate that corn,
soybeans, sorghum, small grains, and sunflowers have a high correlation with
excess levels of nitrates and phosphates in surface water. The map showing
algal blooms and land use across Nebraska shows that these cropland areas
with higher nitrate and phosphate correlations tend to have increased algal
blooms. In order to prove that these crops are the cause of excessive algal
blooms, field-testing would need to be conducted to verify this hypothesis.

The map does however prove my original hypothesis that certain land use
trends may be associated with water bodies that have current or past algal
bloom history. Although I was not able to conduct field-testing myself, I did
find water quality reports for some affected lakes that implicate agriculture
as a primary source of nutrient input for algal blooms. One of these reports
was written by David Schumacher and Dr. David Wedin at the University of
Nebraska Lincoln. This report explains “Eutrophication is the response that
water bodies have to excess amounts of nutrients contained in deposited
soils. The problem with this, especially in agricultural areas, is that the soil is
rich with nitrogen and phosphorous. This increase in nutrients is correlated
to an increase in blue-green algal blooms. The algae can be harmful to
humans, native plants, and animals. Both Yankee Hill and Conestoga fit this
profile. Yankee Hill has been previously restored and Conestoga is on the list
for renovation” (Schumacher, Wedin).
•

There are two very good studies that I felt were relevant to my thesis
work for this project. These two studies provided insight to possible reasons
as to why excess nitrates and phosphates make their way into surface water
from agricultural settings. These studies also provided some clues as to how
excess nitrates and phosphates as surface water pollution could be mitigated.
The first study was conducted in Michigan, and looked at decision-making
process involved with corn farming. The study used personal interviews,
mail surveys, and focus groups as the primary source of information (Stuart,
Schewe, Mcdermott). The study noted, “Nitrogen Fertilizer use in agriculture

is associated with water pollution and greenhouse gas emissions”. The study
also found that “barriers to increasing nitrogen use efficiency among farmers
include: perceptions about climate change, limited access to information and
technological tools (Due to technological cost and close knit farming
networks), and constraints imposed by the economy” (world demand for
increased food production). “Close to 50% of nitrates applied to a field crop
setting is lost to the air, surface water and ground water”. “Fertilizer use has
also risen 10 fold since the early 1950’s to 2008”(Stuart, Schewe,
Mcdermott).
A second study, conducted by Mark E. Burbach, and Courtney E. Quinn
Examined farmer’s attitudes towards the environment using a mail survey.
Mathematical formulas were used to convert a response into a z score, and
furthermore a P value in order to determine the significance of the answer.
The study found that “Farmers who utilize perceived opinions of others to
form their self-concept were shown to be less likely to use conservation
practices that benefit surface water quality. This suggests that the general
farming population is not sufficiently concerned about conservation
practices”. “Some Farmers view the consequences of their actions on a
limited spatial scale. “Young Farmers are more likely to adopt conservative
practices while other Farmers neglect that their actions have environmental
consequences”. “Some Farmers are not aware or do not understand how
chemical fertilizers interact with the environment”. “Farmers are more likely
to trust information from seed, fertilizer, or other business partnerships

before government or university extension offices”. (Burbach, Quinn).
Recent improvements have been made within the field of alternative
fertilizers. A company called Faust BioAg now has the ability to create substances
containing fulvic and humic acid. These new improvements provide alternative
sources of nutrients for cropland plants that do not cause harm to the water when
they are lost to the environment.
Conclusion
Because the nature of the close knit farming groups that farmers tend to rely
on for fertilizer application information is not well known, more research is
needed to begin to address these issues. By providing farmers with tax
subsidies for new sustainable equipment or practices, we can begin to
address barriers to change such as the high cost of new technology and lack
of external/internal incentives. Mandatory informational meetings for all
farmers may be a good way to increase knowledge and awareness about new
conservation methods, technologies, and knowledge. By education farmers,
they may begin to be more self aware of the consequences of their decisions
have when conducting agricultural practice. By providing incentives and
education, farmers may be more likely to adopt conservative practices and
new technologies that will in turn help to improve water quality across the
nation.
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